An ultraviolet imaging spectrometer (UVS) on board the PLANET-B (NOZOMI) spacecraft has been developed. The UVS instrument consists of a grating spectrometer (UVS-G), an absorption cell photometer (UVS-P) and an electronics unit (UVS-E). The UVS-G features a flat-field type spectrometer measuring emissions in the FUV and MUV range between 110 nm and 310 nm with a spectral resolution of 2-3 nm. The UVS-P is a photometer separately detecting hydrogen (H) and deuterium (D) Lyman α emissions by the absorption cell technique. They take images using the spin and orbital motion of the spacecraft. The major scientific objectives of the UVS experiment at Mars and the characteristics of the UVS are described. The MUV spectra of geocoronal and interplanetary Lyman α emissions and lunar images taken at wavelength of hydrogen Lyman α and the background at 170 nm are presented as representative examples of the UVS observations during the Earth orbiting phase and the Mars transfer phase.
Introduction
Due to a weak or no intrinsic magnetic field on Mars, the solar wind plasma can deeply penetrate into the Martian atmosphere. This penetration is a source of many atmospheric effects, including constituent removal, heating by a variety of processes, and induced magnetization. The atmospheric deuterium to hydrogen abundance ratio (D/H ratio) is also an important parameter to investigate the escape processes of the atmosphere of non-magnetic planets such as Mars and Venus. Accurate measurements of the D/H ratio will provide us useful information on the history of the planetary atmosphere.
Our knowledge about the Martian atmosphere has been enriched by remote sensing from fly-by or orbiting spacecraft of USA and USSR. The structure and composition of the Martian upper atmosphere have been investigated by ultraviolet remote sensing; see Paxton and Anderson (1992) . Mariner 6 and 7, which had an ultraviolet spectrometer of the Fastie-Ebert scanning monochrometer design, flew by Mars on July 31 and August 5, 1969, respectively Barth et al., 1971) . The spectrometer measured the wavelength range from 190 to 430 nm with 2 nm resolution and a range from 110 to 210 nm with 1 nm resolution. Mariner 6 obtained limb data for solar zenith angles of 27 and 0 degrees, while Mariner 7 performed limb observations at 44 and 0 degree solar zenith angles. Mariner 9 was placed into a lower-inclination orbit with a period of 32.8 hours on November 13, 1971 , and from 349 Earth days of operation achieved all of its imaging spectrometer (UVS) which covers the FUV and MUV range from 110 to 310 nm. We also show initial data taken by the UVS instrument during the Earth orbiting phase and the early phase of the Mars transfer orbit.
Scientific Objectives of the UVS Experiment

Hydrogen corona
Hydrogen Lyman α corona around Mars was observed for the first time by ultraviolet spectrometers on Mariner 6 and 7 spacecraft. From hydrogen Lyman α limb profiles, Anderson and Hord (1971) showed an exospheric temperature of 350 ± 50 K and an exobase density of 3 ± 1 × 10 4 cm -3 . They estimated the escape flux of atomic hydrogen as 2 × 10 8 cm -2 sec -1 . From similar observations by Mariner 9, Anderson (1974) obtained an altitude profile of hydrogen down to 80 km where Lyman α photon absorption by CO 2 occurs. In addition, the H 2 altitude profile was calculated with the CO 2 + data under a photochemical-diffusion model for the Martian thermosphere. The Martian hydrogen corona was also measured from an Earth orbit by the Copernicus satellite (Levine et al., 1978) . The result showed a very low exospheric temperature of 175 ± 50 K during a period of low solar activity. A mass spectrometer on Viking spacecraft confirmed again the low exospheric temperature. The escape flux of hydrogen may be twice that of oxygen (McElroy, 1972; McElroy et al., 1977) . Anderson (1974) reported a much smaller rate than McElroy's prediction.
Observations of hydrogen corona give us information on the densities and temperatures of the exosphere. Further, we can examine the solar wind-Martian atmosphere interaction processes from observations of the hydrogen corona, since the solar wind interacts with the corona through charge exchange reactions, ion pick-up or sputtering processes. The UVS on board NOZOMI will measure the hydrogen corona over an altitude range of 150-20000 km and approximate local time ranges of 9-15 LT and 21-3 LT. Nishikawa (private communication) studied intensity distribution of the Martian hydrogen corona at Lyman α by a Monte Carlo simulation and showed that a 100 K difference of the exobase temperature leads to an intensity difference of more than 500 R at a tangential altitude of 10000 km. The UVS can detect an intensity difference of 100 R for the hydrogen corona with a 1 kR intensity by integrating for a half hour, and will give us information to discuss response of the Martian atmosphere to the solar activity.
D/H ratio
For the evolution of the atmospheres of the terrestrial planets, understanding of atmospheric escape processes is essential. Preferential escape of hydrogen to deuterium will cause an enrichment of the atmospheric abundance of deuterium over geological time. The D/H ratio of Martian upper atmosphere was obtained from the analysis of H 2 O and HDO absorption spectra observed by the 3.6 m Canada-France-Hawaii telescope at Mauna Kea (Owen et al., 1988) . They obtained a value of 9 ± 4 × 10 -4 . The enhanced D/H ratio by a factor of 6 ± 3 on Mars relative to the value on Earth may imply that substantial amount of water have been lost to space over geological time. However, these observations revealed only the average values over the planetary atmosphere. Surface features resembling massive outflow channels also provide evidence that Martian crust might have contained enough water to form a global layer 500 m thick or greater (Carr, 1986) . The UVS will perform the first direct measurement of D/H ratio in the Martian upper atmosphere. It is expected that a D/H ratio of 10 -4 can be detected with spatial and temporal integration of ~10 5 sec pixels. This measurement will be useful for studies of the escape processes of hydrogen and deuterium atoms and the history of the atmosphere.
Oxygen corona
Analogous to the oxygen corona of Venus observed by the Pioneer Venus Orbiter (Nagy et al., 1981; Paxton and Meier, 1986) , the presence of hot oxygen around Mars is expected. Calculations of hot oxygen populations at Mars were carried out by Nagy and Cravens (1988) and Ip (1988 Ip ( , 1990 . They assumed that the dissociative recombination of O 2 + is the most important reaction for producing hot oxygen. The oxygen corona can be observed by measuring the atomic oxygen line at 130.4 nm. This line is excited by two mechanisms. The major mechanism is resonant scattering of solar photons and the other mechanism is excitation by photoelectron impact. The ultraviolet spectrometer on Mariner 9 obtained the extensive set of measurements of the Martian OI 130.4 nm intensity profiles. However, the purpose of the OI 130.4 nm observation on Mariner 9 was to study the composition structure in the thermosphere. Therefore, the oxygen corona above the exobase was not examined in detail probably because of the lack of sufficient sensitivity. A long term observation by the UVS will provide intensity distributions of the oxygen corona in the altitude range of 150-1000 km with sufficient intensity resolution for studying the non-thermal escape process of oxygen atoms.
Dayglow
Dayglow emissions observed by the UVS on board NOZOMI will give us useful information on the structure and heating processes of the Martian upper atmosphere and ionosphere. The observed brightness of the dayglow depends on (1) the solar flux, (2) the illumination and observing angle, and (3) the abundance, distribution, and temperature of its source species. Considering the effects of (1) and (2), information on (3) is derived. The UVS detects emissions between 110 and 310 nm. Dayglow emissions observed by Mariner 9 in this wavelength region are OI 130.4 and 135.6 nm, CO fourth positive bands, CI 156.1 and 165.7 nm, CO Cameron bands, CO 2 + (B-X) bands at 289 nm and OI 297.2 nm.
The Mariner 9 ultraviolet spectrometer measurements of OI 130.4 nm emission from thermospheric atomic oxygen were modeled by Strickland et al. (1973) . They concluded that the limb data were best explained by oxygen fractional abundance of 0.5-1% at the 1.2 nbar pressure level. Stewart et al. (1992) used the Mars thermospheric general circulation model (MTGCM) of Bougher et al. (1990) and the Monte Carlo partial frequency redistribution multiple scattering code of Meier and Lee (1982) to simulate the OI 130.4 nm emission measured by Mariner 9. They found that the decline in atomic oxygen through the daylight hours predicted by the MTGCM cannot be reconciled with the excess afternoon brightness seen in the data. Stewart et al. (1992) concluded that solar forcing alone cannot account for the observed characteristics of the Martian thermosphere and that wave and tidal effects may profoundly affect the structure, winds, and composition.
Roughly speaking, the tangential point of field-of-view of the UVS moves slowly between 9 LT and 15 LT and between 21 LT and 3 LT with a period of conjunction between Mars and the Earth. Therefore, limb observation of the OI 130.4 nm dayglow emission by the UVS does not extend to an entire local time region. It might be difficult to distinguish the effect of migrating tide from that of nonmigrating tide in the dayglow data, however, the data obtained by the UVS will give us a hint on this subject.
The CO fourth positive bands (A 1 Π-X 1 Σ + transition) extend from 128 to 280 nm. Fox and Dalgarno (1979) have evaluated the sources for the CO fourth positive bands in the Martian atmosphere showing that photodissociation and electron impact dissociation of CO 2 may be important excitation mechanisms. Using the Mariner 6 and 7 data, Thomas (1971) determined a lower limit on n (CO, 160 km) > 7.4 × 10 6 cm -3 and n (CO, 170 km) > 9.4 × 10 6 cm -3 . Mumma et al. (1975) reported n (CO, 150 km) = 1.5 × 10 8 cm -3 . These results are very close to Viking NMS observation (Nier and McElroy, 1977) . Atomic carbon is a minor constituent in the atmosphere of Mars, but there are two FUV transitions: the CI 156.1 and 165.7 nm multiplets.
The atomic carbon distribution in the atmosphere of Mars has been studied by McElroy and McConnell (1971) and Krasnopolsky (1983) . Integrated volume emission rates in the CI 133.9, 156.1, and 165.7 nm lines were calculated by Fox and Dalgarno (1979) for the electron impact dissociative excitation source.
The Cameron bands (a 3 Π-X 1 Σ + transition) of CO appear in the spectrum between 190 and 270 nm. These Cameron bands are produced by (1) the photodissociation of CO 2 by solar EUV radiation, (2) the electron impact dissociation of CO 2 by photoelectrons, and (3) the dissociative recombination of CO 2 + (Fox and Dalgarno, 1979) . The intensity variation of the Cameron band as a function of altitude was used to determine the structure of the neutral atmosphere above 120 km and from the scale height, the temperature of the thermosphere was estimated .
The CO 2 + (B 2 Σ a + -X 2 Π g transition) band at 289 nm variations of this band is produced by the photoionization of CO 2 . The intensity is used to estimate the rate of ionization of the Martian ionosphere as a function of altitude (Fox and Dalgarno, 1979) .
Nightglow and aurora
Electron precipitation into the nightside atmosphere produces optical emissions. Usually atmospheric emissions caused by precipitating particles of much greater than thermal energies are called aurora. Aurora and airglow in the Venusian and Martian atmospheres are reviewed by Fox (1992) . Emissions of atomic oxygen at 130.4 and 135.6 nm were detected by the Pioneer Venus Orbiter ultraviolet spectrometer in images of the nightside of Venus (Phillips et al., 1986) . Intensities of the 130.4 nm emission are typically about 10 R, but excursions to 100 R were recorded. The model calculations of Fox and Stewart (1991) presented the upper and lower limits to the magnitude of the electron flux necessary to produce the observed intensities. For the electron fluxes measured by the PVORPA, they estimated the intensities of OI 130.4 and 135.6 nm and CO Cameron band emissions to be 24, 58, and 69 R, respectively.
The only published data on the nightside emissions of Mars is that of Krasnopolsky and Krysko (1976) . They examined the data from a spectrometer on board Mars 5 and indicated the upper limit of nightglow emissions of 50 R in the wavelength region 300-800 nm. Haider et al. (1992) calculated electron impact ionization and excitation in the nightside atmosphere of Mars using the electron fluxes measured by the HARP instrument on board PHOBOS 2. The calculated zenith column emission rates of the OI 557.7 and 630.0 nm and CO Cameron band emissions due to impact of plasma sheet electrons and dissociative recombination mechanisms, are 57, 19, and 87 R, respectively.
As mentioned above, the observations of airglow emissions on the nightside of Mars were carried out only in the near ultraviolet (NUV) and visible range between 300 and 800 nm in the past, and observations in the FUV and MUV range have never been performed. It is expected that observations of the nightside hemisphere by the UVS instrument on board NOZOMI from a distance of several Martian radii will answer the questions on the nightside airglow and auroral emissions in this spectral range.
Ultraviolet Imaging Spectrometer (UVS)
Overview of UVS
The UVS instrument is composed of two sensors, a grating spectrometer (UVS-G) and an absorption cell photometer (UVS-P), and an electronic unit (UVS-E). Plate 1 shows a view of the UVS-G and UVS-P. The UVS-E unit is installed in the electronic unit of the MPM subsystem, which consists of a fluxgate magnetometer (MGF), a probe for electron temperature (PET), an extendable mast (MST) and the UVS. A block diagram of the UVS instrument is shown in Fig. 1 , and its specifications are listed in Table 1 . All components of the UVS were adequately designed so as to be as small and light as possible with minimal degradation of optical performance in order to suit severe weight and power reduction requirements of the NOZOMI spacecraft. The total weights of UVS-G and UVS-P are 1.77 kg and 0.83 kg, respectively, while the maximum power consumption of the UVS is 15.8 W. A common CPU (SI-CPU) controls the MPM subsystem including the UVS.
UVS-G
The UVS-G is a flat-field type spectrometer operating in the wavelength range between 110 nm and 310 nm with a spectral resolution of 2-3 nm. The optics consists of an off-axis parabolic mirror, a slit, a concave diffraction grating, two dichroic folding mirrors, and two types of photodetectors as schematically shown in Fig. 2 , The field-of-view is perpendicular to the spin axis of the spacecraft. Ultraviolet emissions incident into the aperture of the UVS-G are collected by the objective mirror with a 50 mm diameter and a 100 mm focal length. This mirror is made of beryllium and plated with nickel to satisfy requirements for the weight reduction and optical performance. The mount and screws of the mirror assembly are also made of beryllium. The entrance slit with a 0.15 mm × 0.5 mm rectangular aperture limits the instantaneous field-of-view of the instrument to 0.09° in a plane perpendicular to the spin axis and to 0.29° in a plane Plate 1. A view of UVS-G and UVS-P.
Plate 2. Images of the moon taken by the UVS-G during the first lunar swing-by on September 24, 1998 at wavelengths of (a) Lyman α (121.6 nm) and (b) 170 nm. The lunar image, of which approximate outline is depicted by a thin white line in the right image, is distorted because of orbital motion of the spacecraft during the observation period from 05:40 to 07:20 UT. In the Lyman α image the dark nightside hemisphere of the moon stands out against the background emission due to the interplanetary Lyman α with intensity of about 500 R. On the other hand, the interplanetary component is not seen in the image at 170 nm. Sea of Crises, which is indicated by an arrow in the right image, exhibits extremely low albedo at these two wavelengths.
including the spin axis. Incident ultraviolet emissions are dispersed by the concave diffraction grating with a 50 mm diameter and focused on the ultraviolet detectors. The first order spectrum in the wavelength range from 110 to 200 nm is detected by a micro-channel plate (MCP) with a CsI photocathode and strip anodes. The MCP operates in a photon counting mode. The pattern of the strip anodes is shown in Fig. 3 . A position of an incident photon is determined from a ratio of charge pulse heights collected by two strip anodes as described later.
The second order spectrum in the wavelength range from 200 to 310 nm is detected by a linear image sensor (LIS) which is a linear array of 512 photodiodes. Signals from every eight successive elements of the LIS are summed to generate 64 spectral signals. Note that the spectral resolution is determined by dispersion of the grating, though the detector has much higher spatial resolution. The ray path of the second order spectrum is folded by two dichroic mirrors placed in front of the LIS to avoid mechanical interference between the two detectors and remove the first order spectrum from 400 to 620 nm that overlaps on the second order spectrum. The LIS also functions as a bright object sensor which detects the Martian bright disk and shuts down the high-voltage supplied to the MCP to avoid permanent damage of the MCP due to excess photocurrent. The phase clock (PCLK) divides a spin period (nominally 8 sec) into 256 time intervals for timing of data sampling. The spatial resolution of this instrument is, therefore, 1.41° × 0.29°. Although the UVS-G instrument instantaneously points to a certain direction with this field-of-view, spatial distributions of emissions are measured by using the spin and orbital motion of the NOZOMI spacecraft as shown in Fig. 4 . A baffle and field stops suppress stray light mainly due to solar radiation reflected on the surface of NOZOMI and from the bright disk of Mars during limb measurements. It was confirmed during the performance test in the laboratory that the stray light level at 1.41° (=FOV of UVS-G) apart from a bright light source is less than 10 -3 . The absolute sensitivity of the UVS-G in the wavelength region of 110-200 nm was calibrated using a vacuum facility at National Institute of Polar Research, Japan. Ultraviolet capillary lamps which contain gaseous hydrogen, xenon, krypton and mercury, respectively emitting characteristic spectral lines were used as a light source. Emission lines of Kr 123.6 nm, Xe 147.6 nm and Hg 185.0 nm were selected by bandpass filters and diffused by a MgF 2 diffuser plate. Figure 5 shows spectra of these light sources measured by the UVS-G and normalized at their peaks. Absolute intensities of the diffused ultraviolet light were measured by a standard photodiode which has a quantum efficiency of ~1 in this wavelength region (Gullikson et al., 1996) . Sensitivities derived from the experiment are listed in Table 2 . Uncertainty in the absolute sensitivity of the UVS comes mainly from uncertainty in the quantum efficiency of the photodiode, which is about 15%. On the other hand absolute sensitivity in the wavelength region of 200-310 nm is determined by calculation using the transmittance of each optical component and the nominal sensitivity of the LIS, because we did not have a good standard in this wavelength region. The spectral region, spectral resolution and field-of-view of the UVS-G instrument were also confirmed by using these line emissions shown in Fig. 5 for the MCP and emission lines from a mercury-xenon lamp for the LIS.
UVS-P
The UVS-P consists of two glass-type absorption cells, a bandpass filter, a slit and a side-on type photomultiplier tube (PMT), as shown in Fig. 6 . Kawahara et al. (1997) describes new glass-type absorption cells developed for this mission in detail. Each absorption cell has a cylindrical shape with 25 mm diameter and 60 mm length and MgF 2 windows are attached at both ends of the cell. MgF 2 is only optical material available at the wavelength of Lyman α without deliquescence. Light is collected by a MgF 2 lens which serves the first window of the first (hydrogen) absorption cell. The bandpass filter has a bandwidth of 8.8 nm and a peak transmittance of 9.5% and is used to select hydrogen and deuterium Lyman α emissions from the background continuum. Pure hydrogen or deuterium gas is filled in the absorption cells at pressure of 3 Torr. Hydrogen or deuterium molecules are thermally dissociated into atoms by turning on one of four tungsten filaments equipped in each absorption cell. Hydrogen and deuterium atoms absorb H and D Lyman α emissions at 121.567 nm and 121.534 nm, respectively. The PMT has a solar-blind photocathode made of CsI and placed at the focus of the lens. Turning-on sequence and temperature of filaments are controlled by software of the SI-CPU. The instantaneous field-of-view of UVS-P is 0.5° × 3.0° and the spatial resolution determined by data sampling rate is 1.4° × 3.0°. The measurement of the spatial distribution of Lyman α emissions is also accomplished by using the spin and orbital motion of the spacecraft as the UVS-G. Absolute sensitivity of the UVS-P was also calibrated by the same method as the UVS-G using a hydrogen capillary lamp. The result is shown in the last column of Table 2 . It was also confirmed that the stray light level at 1.41° (=FOV of UVS-P) apart from a bright light source is less than 10 -3 . Table 2 . Sensitivities of UVS-G and UVS-P. Fig. 6 . Schematic of the UVS-P instrument.
Absorption profiles of the absorption cells were precisely measured with a high resolution vacuum ultraviolet spectrometer with a wavelength resolution of 0.6 × 10 -4 nm at Photon Factory in the High Energy Accelerator Research Organization, Japan (Taguchi et al., 1997) . Figure 7 shows measured absorption profiles of a hydrogen absorption cell equivalent to that installed in the UVS. The optical thicknesses at the center of absorption line and gas temperatures were derived by fitting Gausian functions to the measured absorption profiles and the result is listed in Table 3 . It is noted that the optical thickness and gas temperature vary with the filament temperature proportional to the filament power. For the UVS-P one of four preset filament temperatures can be selected by a command.
UVS-E
The high-voltage power supply for the MCP is toggled by a discrete command (DC) and also signals from the BOS. A photon incident into the MCP generates charge pulses in A and B of the strip anodes shown in Fig. 3 . As inferred from the anode pattern the pulse heights, H A and H B , are proportional to the distance from the position where a photon enters the MCP to either edge of the strip anodes. The relative position X (=0~1) of the incident photon on the strip anodes is calculated from the relation X = H A /(H A + H B ). The position is determined by referring to a look-up table in a RAM with 16-bit resolution and stored in one of two dual-port RAMs. While one of the dual-port RAMs accepts data for storage, the other is ready to be read by the SI-CPU. A flag indicates which dual-port RAM is ready for reading. The high-voltage level of the MCP, the gain of the pre-amplifier, the level of the BOS output and the discrimination level are set by a block command (BC) and stored in the HK data. Charges induced by incident photons in each element of the LIS are sequentially read out, amplified, digitized and stored in a FIFO memory. Timing of reading-out is triggered by a PCLK pulse from AOCE. A spectrum contains 104 spectral intensity data at most: 52 from the MCP and 52 from the LIS.
The PMT used in the UVS-P is operated in a photon counting mode. Current pulses from the PMT are amplified and shaped. A current pulse corresponding to an incident photon is discriminated from noise pulses which have relatively low pulse heights compared with the signal pulses. Arrival of the pulses is counted by a non-reset counter, the value of which count is latched at every PCLK pulse and read by the SI-CPU. The number of turned-on filaments, the filament temperature, the highvoltage level applied to the PMT, the gain of the preamplifier and the discrimination level are set by a BC and can be monitored in the HK data.
All scientific data are allocated to the memory space of the SI-CPU, while HK status, HK data, I/O flags, DC and BC are allocated to the I/O space. An interrupt pulse is generated at the start of each spin referencing the IP pulse from AOCE. This pulse is sent off to INT-7 of the SI-CPU. A data ready signal of TCLK2 interrupts the SI-CPU, which then reads the data. The HK status and HK data are renewed for every 1/16 of the spin period. Fig. 7 . Absorption profiles of a hydrogen absorption cell equivalent to that installed in the UVS. The absorption cell of which absorption profiles were measured has two flat windows that can be installed in the optical path of the spectrometer, while the absorption cell installed in the UVS-P has a plano-convex lens as one of the windows. The optical thicknesses at the center of absorption line and the gas temperatures were derived by fitting Gausian functions to the measured absorption profiles and the obtained values are listed in Table 3 . 
Operation of UVS
The UVS is operated mainly in three operation modes of the NOZOMI spacecraft for Mars observations: a standard observation mode, a periapsis mode and a UVS-XUV mode. The number of mission packets occupied by UVS data and the available telemetry bit rate are different in these modes. Scientific data taken by the UVS are arranged in mission packets according to four observation modes and eight observation sub-modes as shown in Tables 4 and  5 . The observation modes determine the operation of the two photodetectors of the UVS-G instrument and determine the format of the data taken by them, while the observation sub-modes fix the turning-on sequence of filaments of the absorption cells. UVS data are co-added as synchronized T X means one of four temperature levels T 0 , T 1 , T 2 , and T 3 . intensity was calculated to be about 300 R. Another example is images of the moon shown in Plate 2. These images were obtained by the UVS-G while NOZOMI was approaching to the moon for the first lunar swing-by on September 24, 1998. The distance between the spacecraft and the center of the moon varied from 9,240 km at 05:44 UT to 6,800 km at 06:33 UT. Note that the lunar images are distorted because of the orbital motion of the spacecraft during the UVS observation period. At the wavelength of Lyman α the dark nightside hemisphere of the moon stands out clear against the background emission from the interplanetary Lyman α with an intensity of about 500 R. On the other hand the background emission at 170 nm is as dark as the nightside hemisphere of the moon. It is interesting that Sea of Crises, which is located at the upper edge of the crescent, exhibits extremely low albedo at these two wavelengths. This suggests that the surface mineral composition, particle size or packing at Sea of Crises is quite different from the other part seen in these images. Detailed analysis of these data is now being carried out and its results will be presented in another paper.
Summary
The scientific objectives and instrumental specifications of the UVS experiment on board the NOZOMI spacecraft are described. Results from initial observations carried out during the Earth orbiting phase and the early Mars transfer phase show that the UVS instrument is functioning normally as designed. The UVS is capable of observing spatial distributions of hydrogen and oxygen coronas, with the spin phase. The time for stacking depends on the format (operation mode) and telemetry bit rate from 1 spin period to 256 spin periods as shown in Table 6 . Each mission packet (432 bytes) for UVS data contains 416 bytes of science data and a 16 byte header which includes all information necessary for the analysis of science data.
Initial Observations During the Earth Orbiting and Mars Transfer Phases
The NOZOMI spacecraft performed seven revolutions around the Earth before insertion into a Mars transfer orbit on December 20, 1998. During this period we have carried out an initial functional test of the UVS instrument and also observations of the geocorona, the interstellar wind, and the lunar surface. The initial functional test was conducted during the first two months after launch confirming that the function and health of the UVS instrument were nominal.
The first example of the UVS data taken during the Earth orbiting phase was a FUV spectrum between 110 and 200 nm measured by the UVS-G while NOZOMI was approaching and leaving its sixth perigee on September 20, 1998 as shown in Fig. 8 . The distance between the spacecraft and the center of the Earth ranged from 7,040 km to 10,050 km during the observation period of 10:20-10:50 UT. The presence of strong Lyman α emission at the wavelength of 121.6 nm originating from the geocorona is apparent. The total intensity of Lyman α emission reaches 2.1 kR. In Fig. 8 a spectrum taken during the Mars transfer phase is also plotted to show the background emission from interplanetary hydrogen Lyman α. Its spectral features of CO, CO 2 + , and OI emission lines, and a D/H ratio in the Martian atmosphere. Unfortunately arrival at Mars will be delayed until December 2003, however, it is expected that UVS observations will promote investigation in unsolved subjects on interaction between the Martian upper atmosphere and the solar wind and the history of the Martian atmosphere in cooperation with the other scientific instruments on board the NOZOMI spacecraft.
